An analytical methodology for the analysis of methamidophos in water and soil samples incoporating a molecularly imprinted solid-phase extraction process using methamidophos-imprinted polymer was developed. Binding study demonstrated that the polymer exhibited excellent affinity and high selectivity to the methamidophos. Evidence was also found by FT-IR analysis that hydrogen bonding between the CO 2 H in the polymer cavities and the NH 2 and P=O of the template was the origin of methamidophos recognition. The use of molecularly imprinted solid-phase extraction improved the accuracy and precision of the GC method and lowered the limit of detection. The recovery of methamidophos extracted from a 10.0 g soil sample at the 100 ng/g spike level was 95.4%. The limit of detection was 3.8 ng/g. The recovery of methamidophos extracted from 100 mL tap and river water at 1 ng/mL spike level was 96.1% and 95.8%, and the limits of detection were 10 and 13 ng/L respectively. These molecularly imprinted solid-phase extraction procedures enabled selective extraction of polar methamidophos successfully from water and soil samples, demonstrating the potential of molecularly imprinted solid-phase extraction for rapid, selective, and cost-effective sample pretreatment.
Methamidophos, O,S-dimethyl phosphoramidothioate, is a water soluble organophosphate insecticide widely used in eradicating agricultural and forestry pests by inhibiting acetyl-cholinesterase. 1, 2) Methamidophos is also the metabolic substance of acephate, O,Sdimethyl acetylphosphoramidothioate, which is an important systemic organophosphorus insecticide with toxicity attributed to bioactivation on conversion to methamidophos.
3) Organophosphate neuropathy due to methamidophos is a biochemical and neurophysiological marker. 4) Methamidophos has been restricted in most countries due to its high toxicity to mammals and other, but the presence of methamidophos found in environmental soil and water is usually at trace levels. 5) In the European Union, maximum allowable concentration of 0.1 mg/L for each individual organophosphate pesticide in drinking water is in force. 6) Hence it is necessary to establish a more selective and sensitive methodology for the determination of methamidophos in environmental samples.
It is a challenging problem to determine the trace contaminates selectively and sensitively in complex matrices. Methamidophos is extremely water-soluble, and in contrast to most other pesticides discussed in the literature, is highly polar, e.g., oxamyl, acidic pesticides, 7) dichlorvos, mevinphos, dimethoate, 8) and not extractable (after the adequate pH adjustment) using the more common liquid-liquid extraction. 6) Solid-phase extraction is a routine sample preparation technique for extracting analytes from a complex matrix. Solid-phase extraction is easy to perform, can cope with large loads, gives higher recoveries, consumes relatively small amounts of organic solvents, and can be automated, and a wide range of stationary phases are available. 9, 10) Solid-phase extraction has been used to perform polar organophosphates enrichment, 6, 11, 12) but the non-selective sorbents (such as C 18 silica, ENVI and Oasis HLB) used in solid-phase extraction often result in defects, such as low specificity and low selectivity. 6, 12) Solid-phase extraction involving molecularly imprinted polymers (MIPs), a technique commonly referred to as molecularly imprinted solid-phase extraction (MISPE), is a popular tool capable of overcoming these disadvantages. [13] [14] [15] The mechanism by which these polymers specifically bind the template molecule and related ligands is attributed to the formation of functional groups in a specific arrangement within the polymer that corresponds to the template molecule and to the presence of shape-selective cavities. The fact that MIP can bind a particular analyte from a mixture of complex matrices makes MISPE a very promising technique for the development of selective extraction and accurate determination for trace analysis. 16, 17) y To whom correspondence should be addressed. Zhong-Lan SHEN, Shandong Supervision and Inspection Institute for Product Quality, Jinan, 250100, China; Tel: +86-531-89701895; Fax: +86-531-89701893; E-mail: zlshen88@mail.ustc.edu.cn; Jian-Hua ZHU, E-mail: jianhuazhu9@sina.com * These authors made equal contributions to this work and share first authorship. Abbreviations: MISPE, molecularly imprinted solid-phase extraction; P(MAP), methamidophos-specific molecularly imprinting polymer; GC-NPD, gas chromatogaphy/nitrogen-phosphorus detector; MIP, molecularly imprinted polymer; NIP, non-imprinted polymer
In this study, a new methamidophos-specific molecularly imprinting polymer P(MAP) was synthesized using methamidophos as the template molecule. P(MAP) exhibited excellent affinity properties and selective recognition for methamidophos. A highly accurate and selective MISPE column was fabricated, and the MISPE procedure coupled to gas chromatography/nitrogen-phosphorus detector (GC-NPD) for the analysis of methamidophos in water and soil samples was validated. The recovery and relative standard deviation were compared to the results obtained for commonly used reversed octadecyl silane stationary phases. The major advantages of the present method are that MIP shows high selectivity and affinity to target analytes and is very stable in real environmental applications.
Materials and Methods
Chemicals. Methamidophos (99.8%), acephate (99.8%), phosphamidon (99.4%), and monocrotophos (99.5%) were purchased from Beijing Bai-Ling-Wei Chem-Tech (Beijing, China). Methacrylic acid and ethylene glycoldimethacrylate were from Sigma-Aldrich (St. Louis, MO, USA). Azobisisobutyronitrile was from Factory of Special Reagents of Nankai University. All other chemicals were of analytical grade, and solvents were of HPLC quality. Ultrapure water, used in sample preparation, was from a MILLI-R04 purification system (Millipore, Germany).
Preparation of MIP. For polymer preparation, 141.1 mg (1 mmol) of template (methamidophos) and 344.3 mg (4 mmol) of methacrylic acid were dissolved in 5.6 mL of CH 2 Cl 2 in a 20-mL glass tube. Ethylene glycoldimethacrylate cross-linker (20 mmol) and the azobisisobutyronitrile initiator (40 mg) were added to the mixture, which was purged with nitrogen for 10 min. The tube was sealed under a vacuum and placed in a shaker bar at 58 C for 24 h. As a reference, a non-imprinted polymer (NIP) was simultaneously prepared in the same way without the addition of the template.
The bulk polymer obtained was crushed, ground, and wet-sieved with acetone. A particle size fraction of 25-36 mm was collected. The resulting particles were placed in a Soxhlet extraction apparatus and washed with 10% acetic acid methanol solution until methamidophos could no longer be detected with GC-NPD in the eluent. Then the particles were washed with methanol to remove residual acetic acid and dried to a constant weight under a vacuum at 70 C.
Binding study and selectivity evaluation of MIP. The sized and washed polymer particles (10.0 mg) were mixed with a 1.0 mL dichloromethane solution of methamidophos of varied concentration from 12.5 mM to 3.0 mM. The mixture was incubated for 24 h at room temperature with continuous shaking with a horizontal shaker. Following centrifugation, the supernatants were analyzed using GC-NPD to quantify the concentration of free methamidophos [MAP] . The amount of methamidophos bound to the polymer, B, was calculated by subtracting [MAP] from the initial methamidophos concentration, [MAP] init . The average data for triplicated independent experiments were used in Freundlich analysis.
Single-analyte binding studies of methamidophos and other structural related organophosphates (acephate, phosphamidon, and monocrotophos) were performed using MIP (10.0 mg) and a 1.0-mL CH 2 Cl 2 solution of single organophosphates (1.0 mM) to study the specificity recognition of the MIP for methamidophos.
FT-IR spectroscopy study. FT-IR analysis was used to examine the interaction between MIP and methamidophos. During a run, the FT-IR spectra of the MIP were determined first. Then the MIP saturated with methamidophos solution was determined. A comparison of the FT-IR spectra of MIP before and after methamidophos saturation was made, and it provided information on the functional groups of the MIP and its interaction with methamidophos. All spectra were determined at 20 C with a vector22 spectrophotometer (Bruker, Germany).
Instrument and chromatographic conditions. The GC system consisted of a TRACE-2000 gas chromatograph from Finnigan (Boston, USA) equipped with an AI3000 Autosampler, a split/splitless injector and a nitrogen-phosphorus detector. The capillary column was DB-WAX, 30 m Â 0:25 mm i.d., and coated with a film thickness of 0.25 mm (Agilent, USA). Helium was used as the carrier gas, at flow rate 2.0 mL/min. The column temperature was programmed at 120 C for 1.5 min, raised to 190 C at 20 C/min, and the final temperature was held for 10 min. The detector gases were air 60 mL/min, hydrogen 2.3 mL/min, and nitrogen (make-up) 15 mL/min. All the samples were analyzed in splitless mode (1.0 mL injection, split after 1.0 min). The detector temperature and injector port temperature were 300 C and 220 C respectively. Chromatographic data acquisition and processing were carried out with Chrom-Card software (Thermo Fisher, USA).
MISPE cartridge preparation, washing, and elution procedures. A slurry of 200 mg of MIP in 1.0 mL of methanol was placed into an empty PTFE solid-phase extraction cartridge (3.0 mL cartridge from Supelco, Shanghai, China). PTFE frits (porosity 20 mm, Supelco) were placed above and below the sorbent. Prior to and between uses, the columns were washed successively with 10% v/v acetic acid/methanol (10 mL), methanol (10 mL), and CH 2 Cl 2 (10 mL). Before the samples were processed, the cartridge was preconditioned with 5 mL of methanol and 5 mL of HPLC-grade water. As a control, a blank solid-phase extraction column was also prepared in the same manner, but with a blank polymer. A 1.0 mL sample of 1.0 mg/mL methamidophos standard solution was passed by gravity, and the cartridge was washed with 2 mL of CH 2 Cl 2 /acetonitrile solution (95:5, v/v). The analytes retained in the cartridge were eluted with 2 mL of CH 2 Cl 2 /MeOH (90:10, v/v). Both the washing and the elution fraction were collected and dried using a gentle stream of nitrogen at 40 C. The residues were redissolved in 1.0 mL acetone and analyzed by GC-NPD.
Water sample preparation and MISPE. Surface water was collected from a river in south China and filtered using a glass fiber filter (Dikma, Beijing, China) to remove particles larger than 0.45 mm was and kept at 4 C until analysis. The drinking water sample was collected from a tap in the laboratory. For recovery studies, surface water and drinking water samples were spiked with 1.0 mL of methamidophos standard solution (1.0 mg/mL). Prior to sample application, the cartridge was conditioned with 5 mL of methanol and 5 mL of HPLC-grade water. A total of 1 L of each sample was forced to pass through the MISPE cartridge at a flow rate of about 10 mL/min by negative pressure. After the sample was passed through the cartridge, the cartridge was dried with a nitrogen stream for 20 min. Then it was washed and eluted under optimal solvents. The washing and elution fractions were collected and dried using a gentle stream of nitrogen, and the residue was reconstituted with 1.0 mL acetone and analyzed by GC-NPD. As a control, sample extraction was simultaneously applied on a blank polymer solid-phase extraction cartridge in the same manner.
Soil sample preparation and MISPE. The soil used was collected from dry land in Yongan County (Fujian, China). The sample was ground to a fine powder before use. Fortified samples were prepared by adding 1.0 mL of standard solution (1.0 mg/mL of methamidophos) to 10.0 g soil. Additional acetone was added until the solvent completely covered the soil particles. The spiked sample was allowed to stand overnight before extraction. Fortification was made at 100 ng/g. Extraction of soil sample was performed in the following way: 18) Ten g of soil was mixed with anhydrous sodium sulfate (1:1, w/w) and transferred to 33 mL stainless-steel extraction cells. The solvent was dichloromethane-acetone (1:1, v/v). A system pressure of 10.3 MPa, an oven heat-up time of 5 min, and an oven temperature of 60 C were chosen. The flush volume amounted to 60% of the extraction cell volume. The extracts were collected and dried using a gentle stream of nitrogen. The residues were redissolved in 1.0 mL buffer solution and passed through the MISPE cartridge. The conditioning, loading, washing, elution, and analytical procedures were as described above. An unspiked (blank) soil sample was also extracted and analyzed. A blank polymer solid-phase extraction cartridge was simultaneously applied in the same manner.
Results and Discussion
Binding property of methamidophos-imprinted polymer Equilibrium adsorption experiments were performed on MIP and NIP particles to evaluate the binding affinity of P(MAP). The results showed that the MIP had higher binding capacity than NIP when the concentration of methamidophos was higher than 0.2 mM (Fig. 1) . In order to determine the surface heterogeneity and the binding performance of P(MAP), the experimental binding data for MIP were modeled with the Freundlich isotherm (eq. (2)). The Freundlich isotherm is a power function, where B and F are the concentrations of bound and free methamidophosrespectively, and a and m are fitting constants that have physical meaning. The constant m is the heterogeneity index, which ranges between 0 and 1. m comes closer to 1 as heterogeneity decreases, and is m ¼ 1 for a homogeneous system. The Freundlich isotherm is most easily applied by plotting experimental binding data in log format (eq. (2)) and thus the binding parameters can be extracted using ordinarily linear regression 19) (as shown in Fig. 2 ). The Freundlich isotherm produces a direct measurement of the binding properties through a calculation of the fitting coefficients, N t , m, and a.
20)
N t , the total number of binding sites, was calculated to be 33.97 mmol g À1 (eq. (3)) and m ¼ 0:7356, which indicates the heterogeneity of the binding sites.
Selectivity evaluation of methamidophos-imprinted polymer
The selectivity of P(MAP) for methamidophos was evaluated by single-analyte binding assays with methamidophos and other structurally related organophosphates. The chemical structures of the four organophosphates are illustrated in Fig. 3 . It was expected that these studies would provide insight into the nature of controlling interactions within the polymer cavity. In each case, analyte uptake was normalized against the levels of methamidophos absorbed, and was expressed as selectivity index (SI) calculated by eq. (4):
The single-analyte assays suggested that the target morphology was an important recognition factor. The selectivity index obtained from the experiments is listed in Table 1 . Replacement of the H of NH 2 in methamidophos with a larger acetyl in acephate led to a 57.0% relative decrease in recognition. The fall of 72.0% in recognition associated with the replacement of NH 2 the larger structural substitute of (1-oxo-1-methyl-3-methylamino-3-oxo) propenyl in monocrotophos suggests that its size and the functional groups are key 
recognition elements within the MIP cavity. 21) The relatively lower selective recognition achieved for phosphomidon as compared to methamidophos also confirms this supposition. P(MAP) had highest specificity for methamidophos among the organophosphates. For compounds whose structural relationship is more tenuous, for example acephate, higher recognition was observed compared to monocrotophos and phosphomidon, but it was much less than for the template. This further demonstrates that the imprinting is based not only on interaction of the functional groups of the analyte with those binding sites in the polymer cavities but also on the combined effect of shape and size complementarity. Thus, P(MAP) is a potential solid-phase extraction separation material that can be used for selective extraction of methamidophos.
Specific recognition mechanism of MIP for methamidophos
In order to determine the origin of the selectivity of P(MAP) for methamidophos, FT-IR spectra provided information on the interaction between MIP and the template via hydrogen bonding. The FT-IR spectra of methamidophos (a), and MIP before (b) and after (c) it was saturated with methamidophos solution are shown in Fig. 4. (d) is the differential spectrum of (c) subtracting (b). There were 1,559 cm À1 , 1,731 cm À1 , 1,155 cm À1 , and 3,434 cm À1 absorbing peaks in Fig. 4(d) . The peaks of 3,411, 3,241, 1,564, and 1,221 cm À1 (Fig. 4(a) ) are the symmetrical and un-symmetrical stretching vibration peaks of N-H, the deformation vibration peaks of N-H, and the stretching vibration peak of P=O of methamidophos respectively.
22)
The spectrum of MIP has an O-H stretching vibration absorbance in the 3,440 cm À1 region, 23) indicating the presence of carboxylic groups in the polymer. The blue shift of the O-H stretching vibration peak from 3,440 to 3,434 cm À1 after saturation with methamidophos indicates that the carboxylic groups of the MIP can form hydrogen bonds with methamidophos. Comparing of MIP before and after saturation with methamidophos solution, the peak intensity of 1,155 cm À1 increased slightly. Combined with Fig. 4(a) , we see that this increase was due to the blue shift of P=O stretching vibration peak from 1,221 cm À1 to 1,155 cm À1 due to hydrogen bonding. The shifts in the O-H and P=O stretching vibration peaks illustrate hydrogen bonding between MIP and the template.
There is a C=O stretching vibration peak at 1,731 cm À1 in the spectrum of MIP. 24) From a comparison of MIP before (b) and after (c) saturation with methamidophos solution, we see that the intensity of the C=O stretching vibration peak increased slightly. In addition, there appears a peak at 1,559 cm À1 (Fig. 4(d) ) after saturation with methamidophos. Combined with Fig. 4(a) , the new peak is the blue-shifted deformation vibration peak of NH 2 (1,564 cm À1 ) in methamidophos, which indicates that NH 2 formed hydrogen bonding. These differences indicate that CO 2 H of MIP combined with NH 2 of methamidophos by hydrogen bonding. Thus the spectral data obtained here illustrate that the hydrogen bonding interactions between the MIP and methamidophos were the origin of selective recognition of the methamidophos molecules. Figure 5 is a schematic illustration of the molecular imprinting process in our study. There are groups of CO 2 H in the cavity of polymer in Fig. 5(c) . So the polymer obtained had selective adsorbtion ability for methamidophos due to the functional group of CO 2 H. The conclusion is in with FT-IR.
Optimization the MISPE conditions
The aim of this study was to evaluate the potential of MISPE for extracting environmental samples. Prior to and between uses, the columns were washed successively with 10 mL methanol:acetic acid (9:1), 10 mL the methanol, and 10 mL dichloromethane. Before the samples were processed, the cartridges were conditioned with 5 mL the methanol and 5 mL water, and then with 1.0 mL of methamidophos loading solution (1.0 mg/mL).
Most environmental and biological samples are aqueous. Hence we used water as the loading solvent. The conditions were evaluated by comparing recovery and breakthrough data obtained with MISPE and nonmolecularly imprinted solid-phase extraction cartridges. Loading in an aqueous environment resulted in strong retention of methamidophos by both MIP and NIP ( Table 2) . Binding of up to 92% was achieved on MIP, but this was attributed to non-specific binding, because comparable binding was also observed for NIP. Loading in an aqueous environment, the MIP's hydrophobic plays an important role traping and retain the target analyte by non-specific interaction. 25) Total binding to the polymer is the sum of the selective binding to the imprints and the non-selective binding to the polymer. To use the MIP most effectively, it is important to suppress and convert non-selective binding to selective binding. Trapping of the template in an aqueous environment and subsequent implementation of a selective desorption step was recently reported. [25] [26] [27] To facilitate selective binding of the template, a molecular recognition step was included in the extraction procedure. Optimization of the loading and washing steps are critical to such an approach.
When the state of the loading water was neutral, the breakthrough occurred (Table 2) , perhaps because methamidophos (pK a 10) is easy protonated. 28) Hence the effects of the sample pH on the loading and extraction process were investigated using phosphate buffer (0.05 M) between pH 6.0 and 11.0, and by processing in the MISPE system 1.0 mL of 1.0 mg/mL the methamidophos. The lower recovery at lower pH 6.8, indicating methamidophos breakthrough during the loading stage, can be explained by protonation of the methamidophos molecules. These protonated charged molecules cannot fit the binding sites and cannot be adsorbed by the uncharged polymer. The lower recovery at pH 11.0 can be explained by the instability of methamidophos in basic solution. Methamidophos was hydrolyzed, and it released the CH 3 S group at pH 11.0. 28) The results indicate that the recovery of methamidophos was above 95%, with pH values from 7.4 to 10.2. Hence the subsequent analyzes were all performed at pH 8.0, at which the analyte still remained stable and recovery was above 95%. Though some free CO 2 H groups in the exterior of the polymer were deprotonated in this pH milieu by the loading steps, the CO 2 H groups in the inner-cavity, which contributed to specific interactions, are still in their original non-deprotonated forms because of hydrophobic function in the MIP. 29) So the interactions of non-covalent can still be established between the analyte and the MIP stationary phase.
The role of the buffer is to suppress non-specific interaction by masking the reactive acidic moieties on the surface of the polymer. 29) In such an environment, it was expected that specific binding would be enhanced. Molecular recognition is often most efficient in the solvent used as porogen for the polymerization of MIP, 30) suggesting that this solvent should be used for desorption from the non-selective sites and conversion to selective recognition. In our experiment, MIP was prepared with CH 2 Cl 2 as porogen, and this solvent was selected as the washing solvent. Acetonitrile was used once as a washing solvent to eliminate non-specific binding, [13] [14] [15] [16] which was a suitable choice due to miscibility with dichloromethane and its moderate polarity. In this study, selective washing of non-specific adsorption was achieved using a mixture of CH 2 Cl 2 and acetonitrile. According to the experiment results, when the concentration of acetonitrile in dichloromethane was in a range of 5.0-6.0%, the analyte non-specifically loaded on the blank cartridge was removed at more than 60% after the washing step. As is apparent from Table 2 , this procedure resulted in the largest difference between recovery from MIP and NIP. A significant proportion of methamidophos was eluted from the MIP column (Table 2) , revealing the heterogeneity of the binding sites, which conclusion is consistent with that of Freundlich isotherm fitting (m ¼ 0:7356). For this reason, 5.0% of the acetonitrile in CH 2 Cl 2 was selected as a washing solvent in all further experiments. For elution solvent, 2 mL of methanol efficiently eluted all the analytes from the MISPE cartridge after the washing step, but we know that the imprinted polymers often show different swelling properties in different solvents. The various degrees of swelling in different solvents can considerably change the morphology of the polymer network and the size, shape, and relative positions of the functional groups, and this can affect the stability of the polymer. Because P(MAP) was prepared using CH 2 Cl 2 as porogen, an elution solvent of CH 2 Cl 2 containing 10% methanol was chosen in this work as the elution solvent to ensure recovery. Therefore, loading with water at pH 8.0, washing with 2 mL the CH 2 Cl 2 /acetonitrile (95:5, v/v) and elution with 2 mL the CH 2 Cl 2 /MeOH (90:10, v/v) was found to be the optimal MISPE protocol. Our experimental results indicate that the washing and elution conditions of MISPE for methamidophos are consistent with that of monocrotophos, 13) perhaps because there are similar properties between methamidophos and monocrotophos. 
Analysis of spiked soil samples
To demonstrate the reliability of this method for environmental application, real soil samples were selected and analyzed. The spiked soil samples were extracted using accelerated solvent extraction according to the description in the experimental section. A 1.0 mL buffer solution was passed through the MISPE cartridge. In order to compare MISPE with conventional methods, experiments were also performed using the ENVI-18 cartridge. After passage of the sample, the ENVI-18 cartridge was washed with 2 mL water and dried in a gentle stream of nitrogen. The analytes were then eluted with 10 mL of acetonitrile. Solvent removal and residue reconstitution were the same as in the MISPE procedure. Figure 6 illustrates chromatograms of soil extracts before and after the MISPE, after the ENVI-18 cartridge and the washing extract during MISPE. The recovery, reproducibility, and limits of detection for the soil extracts were calculated, and are summarized in Table 3 . The limit of detection, defined here as the concentration for which a signal-to-noise ratio of 3 is obtained, was estimated from the chromatograms obtained from fortified soil samples at 100 ng/g.
It is found that the highest extraction efficiencies were for MISPE. A cleaner baseline was obtained using MIP than with ENVI-18, less endogenous materials being retained on MIP by chromatograms ( Fig. 6(a) ). Interference, which were eluted during the washing procedure, were selectively removed by MIP (Fig. 6(c) ). In the case of the ENVI-18 method (Fig. 6(b) ), the chromatograms contained more co-extracted peaks and a poorer baseline than with the MISPE method. The presence of these interferential components affected accuracy and precision, and even compromised the detection limit at low concentrations of methamidophos. Compared with the conventional separation method, the optimized MISPE method showed higher selective purification and accurate determination of methamidophos in soils.
Solid-phase extraction with the ENVI-18 cartridge has also been to be limited to the handing of polar organophosphates.
13) The mechanism of C 18 bondedphase extraction is based on non-polar interactions between the carbon-hydrogen bonds of the sorbent and the carbon-hydrogen bonds of the analyte. 31, 32) Methamidophos is very polar and water soluble. The log K ow value is below zero.
6) The low recoveries obtained resulted from early breakthrough of the analyte. However, the MISPE cartridge proved to be effective in separating and enrich methamidophos from the soil extract. Moreover, MIP proved to be very stable against high and low pH values, and extreme pressure and temperature, and showed favorable compatibility with organic solvents. 33) Analysis of spiked water samples Tap water and river water spiked with the 1 ng/mL concentration level of methamidophos were trapped and pre-concentrated with MISPE. The recoveries, reproducibility, and limit of detection of the water extracts were calculated, and are summarized in Table 3 . As can be seen, methamidophos recovery was higher than 95%. The relative standard deviation (n ¼ 3) for quantitation was 3.8 for tap water and 4.0 for river water.
Determination of methamidophos in real soil and water samples
The proposed method was applied to the analysis of six water samples and eight soil samples collected from Yonggan County (Fujian, China). None of the target analytes was detected in these water samples under the experimental conditions described above. In the soil samples, it was found that there were four samples, at levels in a range of 0.015 to 0.035 mg/g. This further confirms the reliability and efficacy of the proposed method for the analysis of polar methamidophos residues in real samples.
A new methamidophos-specific molecularly imprinted polymer was first synthesized by the non-covalent imprinting technique. The new MIP had good selectivity and affinity for methamidophos, and was successfully used as a selective adsorbent in solid-phase extraction. MISPE proved to be a powerful tool for the selective enrichment of methamidophos from soil and water samples. Its low cost of preparation and compatibility with organic solvents allowed reliable, accurate analysis of the analytes within a complex matrix at trace levels. Under optimized conditions, MISPE offers several practical advantages over other traditional methods, such as the ENVI-18 cartridge. The approach presented here illustrates the application of MISPE to the analysis of polar methamidophos from real environmental samples for the first time, and reveals the substantial potential of this approach.
